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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

424 TRAPELO ROAD

WALTHAM. MASSACHUSETTS 02154

REPLY TO
ATTENT I0N OF:

NEDED

SEP 17 1979

Honorable Edward J. King
Governor of the Commonwealth of

Massachusetts
State House
Boston, Massachusetts 02133

* Dear Governor King:

I am forwarding to you a copy of the Townsend Harbor Dam Phasel1
-Inspection Report, which was prepared under the National Program for
* Inspection of Non-Federal Dams. This report is presented for your use

and is based upon a visual inspection, a review of the past performance
- and a brief hydrological study of the dam. A brief assessment is in-

cluded at the beginning of the report. I have approved the report and
support the findings and recommendations described in Section 7 and ask
that you keep me informed of the actions taken to implement them. This
follow-up action is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-
mental Quality Engineering, the cooperating agency for the Commonwealth
of Massachusetts. In addition, a copy of the report has also been
furnished the owner, Hollingsworth & Vose Co., Townsend Road, West

* Groton, Massachusetts 01472.

b Copies of this report will be made available to the public, upon

request, by this office under the Freedom of information Act. In the
case of this report the release date will be thirty days from the date

Ib of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for your cooperation in :arrying out
this program.

Sincerely yours,

Incl
As stated Colonel, Corps of EngineersjDivision Engineer
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PHASE I INSPECTION REPORT3 NATIONAL DAM INSPECTION PROGRAM

Identification No. : MA 00138
Name of Dam: TOWNSEND HARBOR DAM
Town: TOWNSEND
County and State: MIDDLESEX, MA
Stream: SQUANNACOOK£ Date of Inspection: 15 NOVEMBER 1978

BRIEF ASSESSMENT

3 Townsend Harbor Dam consists of a 100 foot long earth embankment 11 feet
high at the right, a 92 foot long stone masonry spillway 8 feet high at
the center and 57 foot long stone masonry wall retaining apparent fill
at the left side of the dam. The outlet works of the reservoir, a mill-
race, is to the left of the stone masonry wall. The millrace has an
abandoned concrete control structure near its mid-length, a concrete over-
flow near the three-quarter point and a concrete control structure with
stop logs at the discharge end which is approximately 200 feet downstream
of the spillway.

The dam is in fair condition. Slight seepage was observed at the right end
of the spillway and from under the old grist mill building. Brush, trees
and debris are present on the dam and dike embankments and in the down-
stream channel.

Based on the size, small, and hazard classification, significant, in accor-
dance with the Corps of Engineers Guidelines, the spillway test flood is
the 1/4 Probable Maximum Flood (1/4 PMF). The test flood peak outflow was
estimated to be 14,610 cfs and would result in overtopping the dam by
approximately 7.5 feet; however, under such a flooding condition the dam
would be essentially submerged by tailwater. Hydraulic analysis indicates
that the spillway will only pass 43 percent of the test flood.

Recommended additional investigations by the Owner include a detailed
hydrologic-hydraulic study of spillway capacity, an investigation of the
protection of the millrace dike and an investigation of seepage at the
grist mill foundation and at the right end of the spillway. Recommended
remedial measures include the cutting of brush and trees at the dam, dike
and discharge channel, the repair of locally eroded areas and spillway

apron and the establishment of formal maintenance program, operational
procedures and emergency preparedness plan and warning system. These
recommendations and remedial measures as delineated in Section 7 of the
report should be undertaken within one year of receipt of the report by

[the Owner.
CAMP DRESSER & McKEE INC.

0 OF

ROGER

RogerH. Wood WOOD3Vice President No. 121 57 0
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This Phase I Inspection Report on Townsend Harbor Dan
has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recomendations are
consistent with the Recommnended Guidelines for Safety Inspection of
Dams, and with good engineering Judgement and practice, and is hereby
submitted for approval.

OS .M W. - EAJR., Z

a-ngineering Division"

JOSEPH A.. MCELROY, KEIBER
Fo .ation.& Materials Branch
Engineering Division

CAR:,---Y M. RZIA.Z, CHAIRMAN
Chief, Structural Section
Design Branch
Engineering Division

APPROVAL RECOtMHNDED:

ef, rRYnR -Chief, Engineering Division



I
PREFACE

This report is prepared under guidance contained in the Recommended Guide-
3 lines for Safety Inspection of Dams, for Phase I Investigations. Copies of

these guidelines may be obtained from the Office of Chief of Engineers,
Washington, D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to human life or
property. The assessment of the general condition of the dam is based upon
available data and visual inspections. Detailed investigation, and analyses
involving topographic mapping, subsurface investigations, testing, and de-
tailed computational evaluations are beyond the scope of a Phase I Investi-
gation; however, the investigation is intended to identify any need for such
studies.

In reviewing this report, it should be realized that the reported condition
of the dam is based on observations of field conditions at the time of in-
spection along with data available to the inspection team. In cases where
the reservoir was lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the normal load on
the structure and may obscure certain conditions which might otherwise be de-
tectable if inspected under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary
in nature. It would be incorrect to assume that the present condition of the
dam will continue to represent the condition of the dam at some point in the
future. Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I Investigations are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the test

6flood is based on the estimated "probable maximum flood" for the region
(greatest reasonably possible storm runoff), or a fraction thereof. Because

1 of the magnitude and rarity of such a storm event, a finding that a spillway
4 will not pass the test flood should not be interpreted as necessarily pos-

ing a highly inadequate condition. The test flood provides a measure of
relative spillway capacity and serves as an aide in determining the need for
more detailed hydrologic and hydraulic studies, considering the size of the
dam, its general condition and the downstream damage potential.I

I
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I PHASE 1 INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

3 TOWNSEND HARBOR DAM
MA 00138

3 SECTION 1: PROJECT INFORMATION

1.1 General

a. Authority - Public Law 92-367, August 8, 1972, authorized the
Secretary of the Army, through the Corps of Engineers, to
initiate a national program of dam inspection throughout the
United States. The New England Division of the Corps ofEngineers has been assigned the responsibility of supervising

the inspection of dams within the New England region.

Camp Dresser & McKee Inc. has been retained by the New
England Division to inspect and report on selected dams in
the State of Massachusetts. Authorization and notice to
proceed was issued to Camp Dresser & McKee Inc. under letters
of 12 July 1978 and 23 October 1978 from Colonel John P.
Chandler, Corps of Engineers. Contract No. DACW 33-78-C-0354
has been assigned by the Corps of Engineers for this work.
Haley and Aldrich, Inc. has been retained by Camp Dresser &j Inc. for soils and geological portions of the work.

b. Purpose - The primary purpose of the investigation is to:

1 (1) Perform technical inspection and evaluation of non-
federal dams to identify conditions which threaten the
public safety and thus permit correction in a timely
manner by non-federal interests.

(2) Encourage and assist the states to initiate quickly5 effective dam safety programs for non-federal dams.

(3) Update, verify and complete the National Inventory of Dams.!
I

1 1-1
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1.2 Description of Project

a. Location - Townsend Harbor Dam is located on the Squannacook
River, approximately 95 feet upstream of South Harbor Road and
adjacent to Main Street in the Town of Townsend, Massachusetts,
as shown on the report's location map. Water impounded by the
dam is called Harbor Pond.

b. Description of Dam and Appurtenances - Townsend Harbor Dam consists
of a 92.2-ft. long, 8.3-ft. high stone-masonry overflow spillway
flanked on the right by a 100 foot long low earth embankment and
on the left by an area of apparent fill retained by a 57-ft.
long stone-masonry wall.

A 17.6-ft. wide millrace runs parallel to the Squannacook River
around the left abutment area past old mill buildings and rejoins
the downstream channel over 200 feet below the dam. A 16.3-ft.
long railroad bridge forms the entrance to the millrace, which
is a stone-masonry-walled channel upstream of South Harbor
Road and is a concrete channel downstream. A 3.9-foot-wide, stop-
log controlled concrete outlet at the end of the millrace allows the
flow to return to the Squannacook River.

Short stone masonry walls extend about 8 feet from the right
spillway training wall along the upstream and downstream faces of
the right dam embankment. Beyond these walls, extending to a total
length of approximately 100 feet from the spillway, there is an
irregularly-shaped grass and brush-covered earth embankment. The
embankment height varies from a maximum of approximatley 13 ft. at
the spillway to a junction with natural ground in a private yard.
The embankment crest is about 2.7 feet above the level of the
spillway crest.

To the left of the spillway, the apparent filled area is relatively
level at 2.8 feet above the spillway crest and is bounded by the
left splllway and channel walls to the south, a stone-masonry
upstream wall to the west, the millrace to the north, and South
Harbor Road to the east. Most of the surface is grass and weeds,
but there is one large wood-frame building called "The Cooperage"
that projects over the downstream river channel.

Downstream of South Harbor Road the millrace generally parallels the
river channel, with its river-side bank about 12 feet above the
river channel. An 80-ft. long section of this bank, between an old
wood frame grist mill near South Harbor Road and the concrete
millrace outlet structure near another mill building, functions as
an earth dike. The dike has a crest width that varies from 10 to 20
feet, an upstream concrete wall. and a partial downstream stone-
masonry wall. Most of the millrace dike crest has a cover of grass and
weeds with some trees and brush, while the gradual slope from the(downstream wall to the river channel has more trees and brush.

S1 1-2



I Size Classification - Townsend Harbor Dam has a height of
approximately 11 feet and a storage capacity of 273 acre-feet at
the top of the dam. According to guidelines established by the
Corps of Engineers, the dam is classified in the small category.

d. Hazard Classification - Based on the results of the dam failure
analysis included in Section 5 of this report, failure of the
dam could jeopardize a few lives due to the presence of a
building on the left side of the downstream channel. The dam
is, therefore, classified in the significant hazard category.

e. Ownership -The dam and millrace have been owned by Hollingsworth &
Vose Company for the past 18 years. The previous owner is reported
to be Townsend Harbor Investments Inc., from which Hollingsworth &
Vose Co. purchased the property. The address of the present
owner is: Hollingsworth & Vose Company, Townsend Road, West
Groton, Massachusetts, 01472. Mr. A.E. Irelan at the above
address is the owner's representative.

f. Operator - Operation of the dam is the responsibility of Mr. A.E.
Irelan of Hollingsworth & Vose Co. His address is Hollingsworth &
Vose Co., Townsend Road, West Groton, Massachusetts, 01472 (phone
617/448-3311).

I g. Purpose of Dam - A dam was originally constructed at this
general area in 1733 as a water supply for a saw mill which
eventually became a grist mill. In 1870, the present dam wasconstructed to provide adiinlpower frteSpaulding
Leatherboard Company. The present owner utilizes the dam as a
water reservoir to supplement extreme dry-weather river flow.

m h. Design and Construction History - There are no records of the design
or construction of this dam. A newspaper account and plaque at the
site indicate that a dam was originally built in 1733 in this area.
The present dam was constructed in 1870 and rebuilt or repaired
after being damaged in 1936 and 1938.

i. Normal Operational Procedures - There is no formally-established
routine for operation of the dam. Mr. Irelan stated that Harbor Pond
is maintained at approximate spillway crest elevation year-round
with stop logs located at the millrace outlet. During very dry
periods, the operator increases the flow through the millrace by
removing the stop logs.

5 1.3 Pertinent Data - Elevations used in this report are on National
Geodetic Vertical Datum (NGVD), formerly referred to as Mean Sea
Level Datum (MSL). The elevations previously established at the dam
site and shown on the plan included in Appendix B are on NGVD and
agree with those shown on the USGS Quadrangle, Townsend, Mass., 1965.

I
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I a. Drainage Area - The drainage area tributary to the dam site is
58.3 square miles and is characterized by moderately-forested,
lightly-developed rolling terrain. In the vicinity of Harbor Pond,
the terrain is flat and swampy. Harbor Pond accounts for
approximately U.1 percent of the total drainage area.

b. Discharge at Dam Site - There are no records of discharges at the
dam site, but Squannacook River discharges are recorded at USGS
Gage Number 01096000 located approximately 2 miles downstream of
the dam site.

(1) Outlet works size------------- 3.9 ft. wide by 2.8 ft. high
box outlet

(2) Maximum known flood at damsite ----------------------- Unknown

(3) Ungated spillway capacity at top of dam
1,430 cfs @ 270.0 elev.

(4) Ungated spillway capacity at test flood elevation
6,320 cfs @ 277.5 elev.

(5) Gated spillway capacity at normal pool elevation --------- N/A

(6) Gated spillway capacity at test flood elevation --------- N/A

(7) Total spillway capacity at test flood elevation
6,320 cfs @ 277.5 elev.

(8) Total project discharge at test flood elevation
14,610 cfs @ 277.5 elev.

c. Elevation (NGVD)

I (1) Streambed at centerline of dam------------------ 259.0 (Est)

i (2) Test flood tailwater ------------------------------- 275.0

(3) Upstream portal invert diversion tunnel ------------------ N/A

(4) Normal pool --------------------------------------- 267.3

(5) Full flood control pool ------------------------------- N/A

1 (6) Spillway crest ------------------------------------267.3

(7) Design surcharge (Original Design) --------------------- Unknown

(8) Top of dam ---------------------- Varies, low point at 270.0

3 (9) Test flood design surcharge ------------------------------- 277.5

1 1-4
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d. Reservoir

(1) Length of test flood pool ---------------------------- 8,400 ft.

(2) Length of normal pool --------------------------------- 3,500 ft.

(3) Length of flood control pool --------------------------- N/A

e. Storage (acre-feet)

(1) Normal pool ----------------------------------------------- 116.0

1 (2) Flood control pool ------------------------------------------ N/A

(3) Spillway crest pool --------------------------------------- 116.0

(4) Top of dam ------------------------------------------------ 273.0

(5) Test flood pool ------------------------------------------- 2,646

f. Reservoir Surface (acres)

1 (1) Normal pool ------------------------------------------------ 43.5

(2) Flood-control pool ------------------------------------------ N/A

J (3) Spillway crest --------------------------------------------- 43.5

(4) Test flood pool ------------------------------------ 374.4

1 (5) Top of dam ------------------------------------------------ 197.4

g. Embankments

Right Embankment Millrace Dike

I (1) Type Earth fill Earth fill with concrete
upstream face and par-
tial stone-masonry down-I stream face

(2) Length Approx. 100 ft. Approx. 80 ft.

I (3) Height Approx. 11 ft. max Approx. 12 ft.

(4) Top width and 20 ft. max at 10 to 20 ft. at3 elevation elev. 270 elev. 270.2

(5) Side slopes Irregular U/S & D/S Vertical walls with
irregular base slopes

3 which are flatter than
3H to lV slope below
downstream wall.



I

(6) Zoning Unknown Unknown

(7) Impervious core Unknown Unknown

I (8) Cutoff Unknown Unknown

(9) Grout curtain Probably none Probably none

h. Diversion and Regulating Tunnel --------------------------- None

i. Spillway

(1) Type ------------------------------------- Stone masonry

3 (2) Length of weir---- --------------------------- 92.2 ft.

(3) Crest elevation --------------------------------267.3 MSL

l (4) Gates -------------------------------------------- None

3 (5) U/S Channel --------------------------------------- None

(6) D/S Channel ---------------- 85-ft. wide river at 0.0015 slope

j. Regulating Outlets - Flow at the dam can be regulated by insertion or
removal of stop logs at the control structure at the downstream end
of the millrace. The discharge opening is 3.9 feet wide and, without
stop logs, is 6.1 feet high, with an estimated invert elevation of
263.1. Normally, there are 3.3 feet of stop logs at the outlet,
setting the normal weir crest at elevation 266.4. There is an
uncontrolled overflow spillway from the millrace to the Squannacook
River located approximately 23 feet upstream from the downstream
millrace control structure. The overflow spillway crest is at eleva-
tion 268.3 and is approximately 18 feet long.

I
I
I
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SECTION 2. ENGINEERING DATA

2.1 Design Records - No design records were located for the Townsend
Harbor Dam.

2.2 Construction Records - No records of the original construction were

located.

3 2.3 Operation Records - No operational records were located for the dam.

2.4 Evaluation

I a. Availability - No records for the dam other than prior inspection
reports were located.

j b. Validity - There are no known design, construction or operating
records.

c. Adequacy - The absence of known records requires that the eva-
luation of the dam during this investigation be based on the visual
examination described in the following section.

2i I
1
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I
I SECTION 3: VISUAL INSPECTION

3.1 Findings

I General - The Phase I visual examination of Townsend Harbor Dam
was conducted on 15 November 1978. In general, the structures
were observed to be in fair condition. It should be noted that
the only pond drain for this structure is the millrace channel.

Visual inspection checklists for the dam are included in3 Appendix A, and selected photographs are given in Appendix C.

b. Dam and Spillway - The spillway, and the earth embankments on each
side of it, show no visual evidence of major lateral movement or
settlement. The open-joint stone-masonry spillway and the left
wall between the dam and South Harbor Road appear to be stable.
The walls to the right of the spillway are in fair condition.
Minor seepage is present at the juncture of the spillway and
downstream wall parallel to the crest of the embankment, while
portions of the flared downstream wall are displaced. The
earth embankment located to the right of the spillway is
generally in fair condition, with no visual evidence of major
erosion or seepage.

The following specific items were noted:

1. Quarry stone debris just downstream of the spillway
on the left side appears to be apron stone which may
have been broken or dislodged from the apron and
moved downstream. It appears that some of the
pieces from the apron have been used as protection for
the right wing wall of the South Harbor Road
bridge.

2. Much of the right embankment surface is mowed lawn, butIi
there is considerable growth of brush and trees on the
downstream face and near the spillway. Leaves and branches
have been dumped on part of the downstream face.

3. There is local slight erosion of the right embankment at
the end of the short downstream masonry wall.

4. There is slight water flow through joints, as shown in Photo
12, in the right downstream masonry wall which is parallelg to the embankment crest.

5. The crest of the right dam embankment is irregular, and is
slightly low immediately behind the masonry wall at the

I spillway.

6. There is some brush growth in the channel downstream of the
spillway.

7. The right downstream flared stone masonry wall has areas of
displaced stones.

3-1



I
c. Appurtenant Structures - The stone-masonry wall just upstream of the

m millrace entrance at the railroad bridge is in good condition.
Heavy brush, however, was observed along both sides. The millrace
dike is in poor condition, due to extensive erosion and other defi-
ciencies. The upstream millrace control structure was in good con-
dition, but the stop-log guides were in poor condition. No stop logs
were observed. The millrace downstream of South Harbor Road and the
downstream control structure are of concrete and are in good con-
dition. Submerged stop logs were observed at this structure during
the site visit. The overflow spillway on the right side of the

, millrace is in good condition with minor vegetation at the crest. On
the left side of the channel just upstream of the downstream
control structure there is evidence of a former continuation of the
millrace through the buildings located downstream along the left
river bank.

The following additional specific items were noted:

I. The millrace dike has major erosion loss near the corner of
the old grist mill and behind about half the length of the
upstream stone-masonry wall. The erosion appears to have been at
least partly the result of overtopping.

2. Part of the millrace dike crest has brush and tree growth,
as shown in Photos 7, 8, and 9, while the eroded portions
are bare of any vegetation.

3. There is a large, partly stone-filled, depression immediately
below the millrace dike overflow spillway, apparently the
result of scour from past spillway flows.

4. Slight seepage flow is emerging from under the grist mill
building next to the downstream river channel. This flow may
originate at the other end of the building basement, where
there would have been a gated waterway connection to the
mill race.

d. Reservoir Area - The area around Harbor Pond is moderately developed.
There appear to be no structures below elevation 270, but there are
approximately 35 structures below elevation 280. The side slopes of
the pond are generally flat and swampy. There is no apparent poten-
tial for significant landslides into the pond which could create
waves that might overtop the dam. No conditions were noted which
could result in a sudden increase in sediment load in the pond.

The Squannacook River enters Harbor Pond approximately 3,500 feet
upstream (west) of the dam. The channel meanders slightly, and its
slope varies from 0.05 percent near the pond to 0.13 percent near the
center of the Town of Townsend.
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e. Downstream Channel - The Squannacook River downstream of the dam
is approximately 85 to 100 feet wide, appears to be unobstructed,
and has very little development along its banks. The slope is
approximately 0.13 percent. There appear to be two other damson the Squannacook River before its confluence with the NashuaRiver, approximately 7 miles downstream.

3.2 Evaluation

The masonry spillway, side embankments and appurtenances appear
I to be performing satisfactorily at the present time. The seepage

observed at the right masonry wing wall adjacent to the spillway,
however, could cause future problems if allowed to continue.
Furthermore, the limited millrace dike freeboard and partially-
unprotected dike embankment appear to provide potentialfor failure under conditions of water levels which overtop the

embankments.

I
I
I
I
I
I
I
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ISECTION 4: OPERATIONAL PROCEDURES

l 4.1 Procedures There is no formal procedure for operation of the dam.
On an informal basis, the Owner attempts to control flow over the
spillway by removing stop logs at the downstream end of the
millrace. During extreme low flow, the Owner removes additional
stop logs, releasing water impounded by the dam and spillway for his
use as process water at a downstream mill.

4.2 Maintenance of Dam - There is no established formal maintenance
program for this dam. The operator indicated that the dam is
inspected twice a year and maintenance is performed on a demand3 basis.

4.3 Maintenance of Operating Facilities - There is no formal procedure
for maintenance of operating facilities (millrace control structures).

4.4 Description of Any Warning System in Effect - There is no established
warning system or emergency preparedness plan in effect for the dam.
The operator indicated that the dam is observed during periods of
high water.

4.5 Evaluation - Formal operational procedures should be established for
high-flow conditions at the dam. Formal maintenance programs,
warning systems and emergency preparedness plans should also be

established. Periodic observation should be made, and the tree and
brush growth at the embankments should be brought under control.
Maintenance of the dam should be performed at regular intervals.

II
I
I
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I SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. General - Harbor Pond is formed by the Townsend Harbor Dam on the
Squannacook River, which is a tributary of the Nashua River
approximately 7 miles downstream of the dam. The surface area of
the pond is approximately 44 acres at spillway crest and approxi-
mately 197 acres at the top of the dam. The dam impounds approxi-
mately 116 acre-feet of water at spillway crest and approximately
273 acre-feet at the top of the dam.

The stone masonry spillway, at crest elevation 267.3, is 92.2 feet
long. The low point of the right embankment of the dam is at ele-
vation 270. The left embankment, at elevation 270.1, extends 57

feet from the dam to the railroad bridge at the entrance to the
millrace. The millrace entrance consists of a box culvert 16.3
feet wide, 6.6 feet high and 11.5 feet long, with an invert eleva-
tion of 263.1.

l There are several means of discharge from the millrace, depending
on the water surface elevation. The invert of the normal
discharge opening, 3.9 feet wide and 6.1 feet high, is 263.1.
However, the 3.3 feet of stop logs normally maintained in this
opening sets the normal operating weir at 266.4. The overflow
spillway upstream of the normal discharge opening is at ele-
vation 268.1 and is 18 feet long. The walls on both sides
of the overflow spillway form an additional 44.4 feet of weir
at elevation 269.2. The top of the wall above the normal
discharge opening forms an additional 15-foot weir at elevation
270.2. The side wall of the remainder of the millrace, upstream
of South Harbor Road, is at elevation 272.1.

b. Design Data - No hydraulic/hydrologic design data are available for
the dam.

c. Experience Data - A newspaper report indicates that the dam and
South Harbor Road bridge were "washed out" during the 1936 flood
and were rebuilt in 1937. The report further states that the dam
was repaired after the 1938 hurricane.

USGS Gaging Station 01096000 has recorded Squannacook River flows
approximately 2 miles downstream of the dam since October 1949.
The drainage area tributary to the gage is 62.8 square miles,
which is only 4.6 square miles more than that tributary to the dam
site. Flows recorded at the gage, therefore, should be only
slightly greater than flows at the dam site. Some of the larger
flows recorded at the gage have been: 4,010 cfs (October 16,
1955); 2,760 cfs (March 14, 1977); 2,340 cfs (April 2, 1962);
and 2,260 cfs (March 19, 1968).

I d. Visual Observations - The pond level was at spillway crest at the
time of inspection. The millrace and downstream channel appeared
to be in good hydraulic condition, with the exception of some
vegetation in the river bed.
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e. Test Flood Analysis - Based on the Corps of Engineers guidelines,
the recommended test flood for the size (small) and hazard poten-
tial (significant) is between the 100-year flood and one-half of
the Probable Maximum Flood (PMF). The 1/4 PMF was adopted as the
test flood and was determined using Corps of Engineers guidelines
for "Estimating Maximum Probable Discharge" in Phase I Dam
Safety Investigations. The watershed terrain is characterized as
rolling, and a PMF inflow rate of 1,100 cubic feet per second
(cfs) per square mile was adopted for the 58.3-square-mile
drainage area. The resulting test-flood inflow is 16,000 cfs.

Initial surcharge-storage routing of the test-flood inflow
through Harbor Pond resulted in a peak test-flood outflow of
14,840 cfs at a surcharge pond stage of 275.9 feet above NGVD.
Stage discharge relationships, presented in Appendix D, include
the discharge capacity of the millrace. Due to the indicated

* tailwater elevation of 275.7, further analysis was performed
to account for submergence. The subsequent surcharge-storage
routing resulted in a peak test-flood outflow of 14,610 cfs
at a surcharge pond stage of 277.5 feet above NGVD. At this
stage, which is 10.2 feet above the spillway crest, the dam will be
overtopped by 7.5 feet. The spillway capacity at test flood is
approximately 6,320 cfs, and the tailwater elevation is approxi-I mately 275.0.

f. Dam Failure Analysis - Dam failure analysis was performed in order
to assess the downstream hazards in the event of dam failure. A
peak failure outflow of approximately 3,130 cfs was estimated
based on a breach width of approximately 37 feet and with the pond
at the top of the dam (270.0 feet above NGVD), which is 2.7
feet above the spillway crest. Water flowing 2.7 feet deep over
the spillway is equivalent to a flow of 1,430 cfs. Such a wet-
weather flow would produce flooding conditions downstream prior to
dam failure. While this flooding would not be expected to
endanger lives downstream, it is estimated that the sudden release
of an additional 1,700 cfs in a dam failure would severely damage
the building on the left bank just downstream of the South Harbor

I Road bridge with potential loss of a few lives. Approximately
1.6 miles downstream, a building on Trout Brook in the right flood
plain of the Squannacook River would also be flooded by the dam-
failure flow. Accordingly, Townsend Harbor Dam is classified as
having a "significant" hazard potential.

I 5-2



SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observation - There was no visible evidence of spillway or
dam embankment instability during the site examination of 15
November 1978. The observed locations of slight seepage at the
right end of the spillway and under the old grist mill building
showed no evidence of soil movement, and are not considered topose an immediate hazard to the stability of the downstream faces
of the embankments.

l b. Design and Construction - There are neither design drawings nor
construction data which would show the embankment cross sections
or the physical properties of the materials in the embankments.
Thus, theoretical analyses of the structural stability of the dam
embankments are not possible.

The embankments have had a long period of service, and, in the
absence of seepage or erosion problems, would be expected to be
adequately stable under static loading conditions.

c. Operating Records - No operating records, other than state
and county inspection reports, were located.

I d. Post-Construction Changes - The dam was constructed in 1870
(the date inscribed on the face of the spillway) to provide addi-
tional power for the Spaulding Leatherboard Company. The presence
of a concrete millrace, concrete control structures and grouted
stone-masonry walls upstream of the spillway further indicate that
post-construction changes have been made to the dam.

e. Seismic Stability - The dam is located in seismic zone No. 2 and,
in accordance with recommended Phase I Guidelines, does not
warrant seismic analysis.

I
I
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SECTION 7: ASSESSMENTS, RECOMMENDATIONS

AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition - The visual examination of the Townsend Harbor Dam and
dike embankments did not reveal any evidence of failure or con-
ditions which would warrant urgent remedial treatment. However,
because of the need for maintenance and additional investigations that
are outlined hereinafter and the limited capacity of the spillway,
the project is considered to be in only fair condition.

b. Adequacy of Information - All of the information for the Phase I
Investigation had to be obtained from visual examination and limited
measurements at the site. This information has been sufficient for
the purpose of this investigation, but it does not permit detailed
evaluation of stability or seepage.

c. Urgency - The recommended additional investigations and remedial
measures outlined in Sections 7.2 and 7.3, respectively, should
be undertaken within one year of receipt of the report by the
Owner.

d. Need for Additional Investigations - Additional investigations
should be performed by the Owner as outlined in the following
section.

7.2 Recommendations - It is recommended that the Owner engage a
registered professional engineer to perform the following additional
i nvesti gati ons:

1. A detailed hydrologic-hydraulic investigation to determine the adequacy
of the spillway and any necessary modifications to the facility to pro-
vide adequate capacity, taking into account the sumbergence of
the dam.

2. An investigation of the millrace geometry, controls and operation
to determine a practicable means of protection against over-
topping and subsequent erosion damage to the millrace dike.

3. An investigation of the seepage that is emerging from under the
old grist mill building and at the masonry wall to the right of the
spillway, to determine wtat corrective or control measures may be

necessary.

7.3 Remedial Measures

a. Operation and Maintenance Procedures - It is recommended that
the following remedial work be undertaken by the Owner, in addi-
tion to the investigations outlined in Section 7.2, to correct
deficiencies noted during the visual examination:

(1) Clear brush, trees and debris from the dam and dike embank-

ments inc uding stump removal and bac kf ng, and cut grass
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and weeds on the embankments at least once a year. Clearing
of the gradual slope below the millrace dike downstream wall
is not necessary beyond 10 ft. from the wall.

(2) Restore displaced apron stones at the downstream face of the
spillway.

(3) Fill area of local erosion in the right embankment at the
end of the short downstream masonry wall and bring crest of
embankment behind the wall to grade.

(4) Reset displaced stones in right downstream flared stone
masonry wall.

(5) Restore low and eroded areas in the millrace dike
embankment and re-establish vegetative cover. Work on the
millrace dike would be subject to the results of the
millrace investigation under Section 7.2.

(6) Clear brush from channel immediately downstream of spillway.

m (7) Place additional stone protection or dumped riprap in
depression at discharge end of millrace overflow spillway.

1 (8) Establish a formal maintenance program, operational proce-
dures and emergency preparedness plan and warning system.

The Owner should continue his program of technical inspections.
These inspections should be made at least at yearly intervals.

3 7.4 Alternatives - There are no practical alternatives recommended.

!

I
I
I
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APPENDIX A

I INSPECTION TEAM-ORGANIZATION AND CHECK LIST

Page No.

VISUAL INSPECTION PARTY ORGANIZATION A-i

I VISUAL INSPECTION CHECK LIST

Embankment: Right of Spillway A- 2

Embankment: Dike between Millrace and Spillway A-3

Spillway A-4

ISpillway (cont'd) A-5

Outlet Works A-6



VISUAL INSPECTION PARTY ORGANIZATION

I NATIONAL DAM INSPECTION PROGRAM

I DAM: Townsend Harbor

DATE: 15 November. 1978

T IME: 3:30 PM

I WEATHER: Clear and cool-- 40 to 45 F..,

WATER SURFACE ELEVATION UPSTREAM: 267.3 (at spillway crest)1 3/2
STREAM FLOW: (3.33)(3.9')(0.75') =8.4 cfs

INSPECTION PARTY:

1 1. Robert P. Howard - Structural & Operation

2. Charles E. Fuller - Hydraulics & Hydrology

3. Joseph E. Downing - Ass't. Hdraulics & Hydrology

4. A. Ulvi Gulbey - Ass't. Hydraulics & Hydrology

5. Peter L. LeCount (H & A) - Soils

6.

PRESENT DURING INSPECTION:

1. A. E. Irelan -Project Engineer, Hollingsworth & Vose Co. 1

3.

4.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I
VISUAL INSPECTION CHECK LIST

NATIONAL DAM INSPECTION PROGRAM

DAM: Townsend Harbor DATE: 11/15/78
EMBANKMENT:-(Rt. of Spillway) , ,

CHECK LIST CONDITION

1. Upstream Slope 1.
a. Vegetation a. Grass (lawn)
b. Sloughing or Erosion b. None evident
c. Rock Slope Protection - c. None

* Riprap Failures d. None observed
d. Animal Burrows

2.
2. Crest a. Grass, scattered brush, tree, two

a. Vegetation stumps.
b. Sloughing or Erosion b. Grass intact, but irregular shape
c. Surface cracks c. None evidentj d. Movement or Settlement d. Not evident-irregular shape

3. Downstream Slope 3.

a. Vegetation a. Mostly brush & trees, some dumped
b. Sloughing or Erosion leaves, branches, etc.
c. Surface cracks b. Irregular shape, local slight eros.

d. Animal Burrows from runoff at end of masonry
e. Movement or Cracking near wingwall.

toe c. None evident
f. Unusual Embankment or d. None evident

Downstream Seepage e. None evident
g. Piping or Boils f. Slight flow thru masonry wall joints
h. Foundation Drainage Features close to spillway.
i. Toe Drains g. None evident

h. None evident
4. General i. None

a. Lateral Movement
b. Vertical Alignment 4.
c. Horizontal Alignment a., b., c. Irregular shape w/o defined
d. Condition at Abutments and alignment or indication of movement.

at Structures d. Embank. sl. low imed. behind
e. Indications of Movement of masonry wall, but no indication of

Structural Items recent movement.
f. Trespassing e. None evident
g. Instrumentation Systems f. None evident

g. None
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I VISUAL INSPECTION CHECK 1ISTJNATIONAL DAM INSPECTION PROGRAM

i AM: Townsend Harbor DATE: 11/15/78

EMBANKMENT: Dike between Millrace and Spillway

[ CHECK LIST CONDITION

1. Upstream Slope 1.
a. Vegetation a., b., c., d. N.A.-Concrete canal wall
b. Sloughing or Erosion
c. Rock Slope Protection - 2.

Riprap Failures a. Grass & weeds, few trees.
d. Animal Burrows b. Erosion behind downstream end of

canal wall-apparently has been
2 Crest ,

a. Vegetation C1 I r'-' Vet- cinal overflow
b. Sloughing or Erosion spillway -,b.

c. Surface cracksd. Movement or Settlement 3.
a. Some grass, weeds, brush & trees -

3. Downstream Slope mostly stone masonry wall or bare
a. Vegetation earth.
b. Sloughing or Erosion b. Erosion due to surface runoff at
c. Surface cracks corner of bldg., possibly due to

d. Animal Burrows overtopping.
e. Movement or Cracking near c. Not evident

toe d. None observed
f. Unusual Embankment or e. None observed

Downstream Seepage f. Ponded seepage in roar of old
g. Piping or Boils -., . ... , - Iformerly fe , ,
h. Foundation Drainage Feature. , ,-PI
i. Toe Drains g. None observed

h. None observed
4. General I. None

Lateral Movement
b. Vertical Alignment 4.
c. Horizontal Alignment a. Not evident
d. Condition at Abutments and b., c. Irregular shape

at Structures d. Local erosion from overtopping.
e. Indications of Movement of e. Slight settlement toward end of

Structural Items overflow spillway slab.
f. rrespassing f. Scattered trash & cans

I g. Instrumentation Systems g. None
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

AM: Townsend Harbor DATE: 11/15/78
EMBANKMENT: Dike between Millrace and Spillway

[CHECK LIST CONDITION

1. Upstream Slope 1.
a. Vegetation a., b., c., d. N.A.-Concrete canal wall
b. Sloughing or Erosion
c. Rock Slope Protection - 2.

* Riprap Failures a. Grass & weeds, few trees.
d. Animal Burrows b. Erosion behind downstream end of

canal wall-apparently has been
2. Crest I

a. Vegetation d. (1-iv c-ret* c-nil overflow
b. Sloughing or Erosion spillway sflh.

c. Surface cracksd. Movement or Settlement 3.
. Ma. Some grass, weeds, brush & trees -

3. Downstream Slope mostly stone masonry wall or bare
a. Vegetation earth.
b. Sloughing or Erosion b. Erosion due to surface runoff at
c. Surface cracks corner of bldg., possibly due to
d. Animal Burrows overtopping.
e. Movement or Cracking near c. Not evident

toe d. None observed
f. Unusual Embankment or e. None observed

Downstream Seepage f. Ponded seepage in rt-ar of old
g. Piping or Boils I -I' i or-erly te ,,

h. Foundation Drainage Featurc C','W 1
i. Toe Drains g. None observed

h. None observed
4. General i. None

.. Lateral Movement
b. Vertical Alignment 4.
c. Horizontal Alignment a. Not evident

d. Condition at Abutments and b., c. Irregular shape
at Structures d. Local erosion from overtopping.

e. Indications of Movement of e. Slight settlement toward end of
Structural Items overflow spillway slab.

f. trespassing f. Scattered trash & cans
g. Instrumentation Systems g. None
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: TOWNSEND HARBOR DATE: 15 NOVEMBER 1978

SPILLWAY:

CHECK LIST CONDITION

1. Approach Channel 1.
a. General Condition a. Good.
b. Obstructions b. None.
c. Log Boom etc. c. None.

2. Weir 2.
a. Flashboards a. None.
b. Weir Elev. Control (Gate) b. N/A see Outlet Works.
c. Vegetation c. Minor growth in joints of cut quarry
d. Seepage or Efflorescence stone face.
e. Rust or Stains d. None observed.
f. Cracks e. None observed.
g. Condition of Joints f. None observed.
h. Spalls, Voids or Erosion g. Wall is ungrouted cut quarry stone,
i. Visible Reinforcement one stone has an 1870 date inscribed
j. General Struct. Condition h. N/A.

i. N/A.
3. Discharge Channel j. Good.

a. Apron
b. Stilling Basin
c. Channel Floor 3.
d. Vegetation a. Two courses of cut quarry stone slals
e. Seepage near face of dam stepping down to one
f. Obstructions course. These quarry stones hppear to
g. General Stuct. Condition have been broken and washed downstream.

Some pieces have been used as protectio
4. Walls of bridge wing wall.

a. Wall Location Lt. & Rt. b. N/A.
(1) Vegetation c. Earth.
(2) Seepage or Efflorescence d. Heavy brush growth in channel down-
(3) Rust or Stains stream.
(4) Cracks e. None observed.
(5) Condition of Joints f. Quarry stone debris left side
(6) Spalls, Voids or Erosion appears to be apron stone.
(7) Visible Reinforcement g. Good.
(8) General Struct.Condition

4.
a. (1) None observed.

(2) Seepage at base of rt. wall that
runs parallel with spillway.

(3) None observed.

(4) None observed.
(5) Grouted cut stone block walls

upstream of spillway need re-
grouting. Downstream walls are
ungrouted cut stone block walls.
Conditions of joints are good

(6) None obsorvedo
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: TOWNSEND HARBOR DATE: 15 NOVEMBER 1978
SPILLWAY:* (cont'd) ________

CHECK LIST CONDITION
4. (7) N/A.

(8) Good except rt. wall downstreamA of spillway is in poor condition.
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

£ DAM: TOWNSEND HARBOR DATE: 15 NOVEMBER 1978
OUTLET WORKS: MILLRACE

3 CHECK LIST CONDITION

1. Inlet 1.a a. Obstructions a. None.
.b. Channel b. Submerged.

c. Structure c. Railroad bridge abutments show
d. Screens repairs and modifications. Upstr~ai.
. edge of concrete seat on rt. abut--e. Stop Logs ment is badly cracked and separat-
f. Gates ing from abutment.

2. Control Facility d. None.

a. Structure e. None.

b. Screens f. None.

c. Stop Logs 2.1d. Gates 2e. Conduit a. Upstream Control Facility
e. Seeon t La. Good condition.f. Seepage or Leaks b. None.

3. Outlet c. Submerged, guides in poor

a. Structure condition.
b. Erosion or Cavitation d. None.
c. Obstructions e. None.
d. Seepage or Leaks f. N/A.

4. Mechanical and Electrical 2.
a. Crane Hoist b. Downstream Control Facility
b. Hydraulic System a. Good condition, some minor
c. Service Power erosion of concrete.
d. Emergency Power b. None.
e. Lighting c. Submerged.
f. Lightning Protection d. None.

5. Others f. None observed.

3.
I a. Good condition.

b. None observed.
c. None observed.
d. None observed.

4. N/A.

1 5. Spillway on right side of channel
in good condition with some minor
growth. Spillway on left side of
channel has been abandoned.
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APPENDIX B

* LIST OF AVAILABLE DOCUMENTS AND
PRIOR INSPECTION REPORTS

Page No.

LIST OF AVAILABLE DOCUMENTS B-I

I PRIOR INSPECTION REPORTS

DATE BY

July 18, 1961 Middlesex County Engineering B-2 to B-10
Department

September 6, 1973 Mass. Dept. of Public Works, B-li to B-16I includes Description of Dam

I DRAWINGS

Plan and Sections of Townsend Harbor Dam and B-17
i Millrace

I
I
I
I
Il
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LIST OF AVAILABLE DOCUMENTS

Survey plan No. 3048, at 1" = 40 ft. scale, prepared for
Hollingsworth & Vose Company by Charles A. Perkins Co.,
Engineers & Surveyors, Littleton, Mass., November 1961.

I
I
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" : 'i "Townsend, ?,lass DAM NO. E-I

~LCT.' Int. Main St. & Harbor Rd. ST SEA1 Squannacook River

MIDDLESEX CO U1TY NGI .EE31 IN, DE3A3TMn,
CA:.BRID§, !"ASSAC.USE'TS

D AM INSPECTION REPORT

O. Mr. Aksila PlaceTownsend Harbor, Mass. tse None at Present

ed hj Richard D. Howard Date 7-18-61U Type of Di_ Stone Overflow Condition Good

SFILL7'; Y Length 92' Ft. to Top Emb. Section 4.5'

Flashb ja-ds in Place None Ht. of Recent Repairs None

Condition Excellent

Re alrs N'eeded None

I ,NC4:NT Length None. Height Type

( qezent Repairs
Condition

Repairs Neaded

GA !;S Number 2 (In Canal) Size 5'-6" x 5'-5" Types Stop lo

Recent Repairs None

Condition Not operating -- remain open

Repalrs Needed NoneI
LEAKS Detailed Description and Location on Back of Sheet

i I How Serious

DATE: 7-18-61
Slgnature Inspecting Engineer

c. Action - See Back of Sheet Engineer, Metcalf & Eddy
CTitle

S pecil Remarks and Chara;teristics on Back of Sheet

A



L£ LAS: None

1 RECO14ENDED ACTION: None

SPECIAL REMAR.KS: None
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I ;METCALF & EDDY

SOSTON MASS E-1

I J-Mcc DamoG E -/c %

8/31/61

1 REPORT
UPON

TOWNSEND HARBOR DAM
TOWNSEND HARBOR, MASSACHUSETTS

General

- The Townsend Harbor Dam across the Squannacook River is

located at Townsend Harbor about 200 feet southwest of the inter-

I section of I-ain Street and Harbor Road. The dam is an over-

flow type structure of stone masonry construction. The dam is

not used for any purpose. A canal, about 100 feet from the

left abutment oT' e dam, runs parallel to the river. The

entrance to the canal is Just upstream from the left dam abut-

ment. A Boston and Maine Railroad track runs parallel to the

canal about 70 feet from the left end of the dam.

The spillway is about 6.2 feet high and 92 feet long.

The depth of the spillway at the crest is 4.5 feet. Due to

the elevation of the top of the left upstream abutment wall

being 1.7 feet lower, the effective depth at the spillway crest

J is 2.8 feet. The structure is a triangular crested type with

the upstream face sloping downward and upstream at the rate-of

0.09 feet to the foot. The downstream face is vertical.

The abutment walls are of stone mas-nry, 2 feet thick.

The left abutment wall forms a right angle about 20 feet upstream

.I from the dam, runs parallel to the intake of the canal and

connects to an abutment of a railroad bridge over the canal intake.
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I E-1

2

The right abutment iz U shaped. Train.ng walls lead do.;nstreaa

from the abutments.

A frame building, named "The Cooperage" and used as a gift

shop, is located about 12 feet downstream from the dam on the

left bank. The structure extends over the stream from the top

of the training wall for a distance of about 9 feet.

Conclusions and Recommendations.

1. The present spillway capacity of the dam is about

1one-seventh the Rare Flood Flow as determined by the
Kinnison-Colby Formula.

2. The dam may be protected by the following method:

" a. Raise the tops of all abutment walls

at and upstream from the dam to El. 272.1.

b. Extend the right abutment to meet the

ground at El. 272.1.

j c. Protect the abutments with stone riprap.

Spillway Capacity and Flood Flows

The capacity of the 92 ft. long spillway is estimated

to be 1290 c.f.s. without provision for freeboard. The canal

, can divert a flow of about 130 c.f.s. making a total of 1420 c.f.s.

The tributary drainage area is 60.6 square miles. The maximum

flood flow as estimated from the Kinnison-Colby Formula (Rare

Floods) is about 9000 c.f.s. This rate of flow is about 7 times

the discharge dapacity of the spillway and about 6-1/2 times

the combined discharge capacities of the spillway and canal.

I
I
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It is possible that during a flood, the water.ays

between the trestlebents of the railroad bridge over the entrance

to .the canal would become blocked with debris so that diversion

of water by the canal would become negligible.

In order for the spillway to discharge the entire

estimated rare flood flow of 9000 c.f.s., the head on the

spillway crest would have to be increased to 10.4 feet. Due

to the location and grade of the railroad trestle bridge there

5 appears to be no practical way to accomplish this by raising

the height of the walls on the left abutment. The right abutment

wall would have to be increased 5.9 feet in height and extended

to Harbor Road.

If the tops of all the abutment walls were raised to

El. 272.1, or the elevation of the top of the railroad bridge

abutments, the capacity of the spillway could be increased to

3 about 2900 c.f.s. or about 2-1/4 times the present capacity.

The right abutment walls could either be extended into the

hillside slope or a short earth embankment could be constructed

in place of the wall extension.

Stability and Repairs

The stability of the structure is adequate. The condition

of the dam is good.

In order to obtain a substantial increase in spillway

capacity, the tops of all abutment walls upstream from the dam

should be raised to El. 272.1. These walls would be raised 0.3

feet except the upstream left abutment wall which would be

" Iraised 2.0 feet. On the right abutment the raised wall should

A



!
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| ( 4
either be extended a few feet into the hillside slope or

connected to the slope with an earth dike. The abutments on

both sides of the dam should be protected with stone riprap.

On the left abutment this stone protection may be in the form of

stone paving on the ground behind the walls for a distance of

at least 10 feet from the backface of the wall. On the right

J abutment the Junction of the ground with the end of the extended

wall together with the ground on the downstream face of the

J wall should be protected with dumped stone riprap. If a

connecting earth.dikeis used, it should be completely covered

with stone.

jBy: n
Gordon E. Thomas
Project Engineer

I
I
I'

I
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SELECTED PHOTOGRAPHS OF PROJECTI
LOCATION PLAN Page No.

I Location of Photographs C-1

PHOTOGRAPHS

No. Title Page No.

1. Overview of Dam from South Harbor Road Bridge iv
2. View of Dam from Right Downstream Abutment C-2
3. Keystone in Downstream Face of Dam C-2
4. View of the "Cooperage" from Downstream Right

Bank of Squannacook River C-3
5. View of South Harbor Road Bridge and Downstream

Channel from Left Abutment C-3
6. View of Left Abutment and Millrace Inlet with

Railroad Crossing C-4
7. View of Millrace Control Structure Looking East

from South Harbor Road C-4
8. Downstream Face of South Harbor Road over

Millrace C-5
9. View of Downstream End of Millrace from South

Harbor Road C-5
10. Downstream Face of Millrace Overflow Spillway C-6
11. Downstream Face of Millrace Outlet C-6
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II12. VIEW OF DAM FROM RIH DOWNSTREA ABUMEN.

I

I
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3. KEY STONE IN DOWNSTREAM FACE OF DAM.
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I 4.VIEW OF THE "COOPERAGE" FROM DOW4NSTREAM RIGHT BANK
OF SQUANNACOOK RIVER.
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I 6. VIEW OF LEFT ABUTMENT AND MILLRACE INLET WITH
RAILROAD CROSSING.I

I

I
I
I

I
7. VIEW OF MILLRACE CONTROL STRUCTURE LOOKING EAST

I FROM SOUTH HARBOR ROAD.
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I a. DOWNSTREAM FACE OF SOUTH HARBOR ROAD OVER MILLRACE.

I 9. VIEW OF DOWNSTREAM END OF MILLRACE FROM SOUTH HARBOR
ROAD. SECOND RAILROAD CROSSING IS TN FOREGROUND, MILLRACE
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10. DOWNSTREAM FACE OF MILLRACE OVERFLOW SPILLWAY.

I

I
I

11. DOWNSTREAM FACE OF MILLRACE OUTLET.
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12. SEEPAGE AT BOTTOM OF RIGHT WING WALL ADJACENTI TO SPILLWAY.
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Ddwims4~w. EdMilr4ee Mdirace LDowrnAi-a. Qrtfh. e it,~e.n-Ief M~ilroce DicamHa Ls Rgig Eust fia 5__ ;i

2440, 0 21. 2it 4
297.3 11 0.2 217.5 -Te- 20 S
2C8.l I A 0.2 268.3 :l ;48.3se1
219.2 ISIS 402 2,9,4 _l0 ", 2- 9.4
.270. 1 390 905 270.6 0.31 ;709
270.2 415 40.5 270.7 0.36 271.1I272.0 1,360, 273. * :1.0 274.P

1_2_____1_3 1 2 Z4 2 1*e -S 274.7
*Wafer svrfj~e eleva+ o of Harbor Pa mS.

#V'alue "Wa cJfermsimed J b-la %, or+,&t a,.

waeir Li. See rle,+ p.Aye.

I ~3. Weir flow 64oove El. 272.< (nidroed/a cc
Weir ln+ 35'

IWeir 'C W2.4

J Q=CCL HA

H, is the differeyie Iie4ieeA +JA psoiJ a le vatvioii avid t~
welr credf (ElI. 27Z.6).
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I 4rcikarie - 5+p&-or Rotfin! ThrauqA Harbor Pm

IQp, - Tes* Flood in flow =I.-,060rcfs (From p.Aye6

S+dqe LW-dell O(AfflO&. is b6,00 efs is F-1. 27-
-Sfo'Ayc at El. 27C~.2 is 2243 ae.-ft

a. 7z

R~~I-f V. zm 132,;~33d:,70

3~e otff is 13,7W c .s is El. 27S:bl

Avy. Zode 2-43 + 2,0
2

Sse we4 S~+raqe is ; 156 a.- is 275.?13 O~~if~~.-. tdEl. 275? 1s 4,4O 6 f

Tai IWafer Anal '4xis
* Der,iine tilwo~er e-levafioA 4f usfream face of

Sat+ arbr RadbrcIdye. Th ivc-Ame5 d~IUSCA4 e 6'etW&C ei J1i ain 4AJi 4 e brim? etomes
prncP1{ rOrn Ae pi??14 a,,J rijAt e~aDmimewt

£ Q+=.5)(92.2'X27S - 267.3)-'z] t{(z.3X92 2X275.9 -27.)"' I,iS0-fs

Wafer 5,4rfdce elevc-hovi et fl7Ea face of .Sa..rn
Ncrbor G" oajd e-id is approxiruia+ely 4-Se same 4S40

at fAe confliueice 4 +A 4lre ise-Aarye chne
W*f +$ke rivler etomsi~el at Ajhie po?.n+ TU river
flow is N'ie emii-re tesfo f/am? fflo.j 1 14, 6*)cfs.

I~ ~ Ailnuire o"+dlef

Elevgtin-+.-1 (,~4 is]
270 913
271 10,070
272 11,485
273 qtu0

I fae wAen i *cr &-I 480esis
.273 +f 14 840 - 13,4701 7 - 7.
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+ 21 05___ -L 1.78

Q0  A k f'~ 83 1.78=

I2. Weir oIt El. '74 - Lenyji 200', C= 3. 0, a=C4-IL~

- raReid oms sirs
Ele&+as IAr,* (Q)

27 4-274 3.
2 75 1,043.2
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540 0.9 274.9ti 1,32 9.? 1.3 1 R7-2.;y? 8846 690, ~

In or sterbm+0 e 'Ce0A f~o dA75e e .c tte f~re'e-c

Free S-6meri Fre e &fflkryrai &LOee'yI Emb~rk &.1rood To+,,(1

17 ,Y 2A 46 3,035 730 750 4,5151
174 85,5 33~ .5 7So O S 1,146 0 1 6 ,245
2-75 6,S95 4,13 ,05 1,~ so -s 405 1,300 i.90

.6~ 8, 28 4,97o 0 ,O4805 I'M 6, W~a g 2 I90 10,5,75
277 9,750 SiO 4,~l 57 47/ 0 81,Sit 2 ,6ot94o 13,190

I APPENDIX D-16



ICAMP DRESSER McKEE CLIENTCO JOB. NO 3 38-lf PAGE 14 -of.1
Enoonmnsawl Engenem PROJECT Va I n e t DATE CHECKED /...~'Z-7 . DATE OA 7

Boston, Mass. DETAIL-ownsnd H~JarkjoamfL CHECKED BY... 5 A.......... COMPUTED ByEf_21

SU rq~ue -S+grday RoLti#,2 WifA SL4bmergenge

5+ S+e kAe 64tj low. is 14,ooo efs ir El. 278
5t:7a ea El. 277.8 i-s 2,80 c-ff

Runof Velumse 2,80 -0 - I " runtoff

p,. . )5X5=

5+ whn uffowis 20cfsisEl.27
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TOWNSEND

- - - I - -NAME DAM NO. E-1

STREAM 5q---/co-C,/~, SECTION A-A
7tr. S"'4l,, C VjRT C1 *0 LOCATION 7---d f.,-h

10'-'VeSCALE 4oRZ. 1' 20

DRAINAGE AREA 00Sq A,,

e-1 ?/ $I~o-. I' Y.,tb M.11s) TYPE 5#,s oo.- y /c,.

90GENERAL DIMENSIONS 4-t 9efAipj df/

SPILLWAY copRsdy iewo c(,

OUTLET WORKS Ao

CPOND AREA

POND CAPACITY s ihGUn
SECTION4 13-1
SCALE 1" 0' BENCH MARK v365~, , o~Me#.hw,

'9of A' A A-p o3 sh., ,

co ofl Co','Ao ~~. 6 £6 30.00 3 '

SECTION D-D

SCALE ra
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